In developing countries, rheumatic fever and carditis still constitutes a major public health problem. Patients have special characteristics that differ from those with rheumatic mitral valve disease we still see in developed countries. They are usually young, poor, uneducated, and have low compliance to prophylaxis / therapy. In addition, they usually have great difficulty in accessing medical care. In these situations, the rate of complications associated to valve replacement is significantly increased. Alternatively, mitral valve repair is now known to achieve better long-term results in this pathology, but this was not widely recognized three or four decades ago, when first reports showed worse results after repair of rheumatic regurgitation than with degenerative valves. This has been reported by several groups in developing countries in different continents, with high incidence of repairs and excellent long term results. It is, therefore, becoming increasingly clear that, although, the results may not compare to those obtained with degenerative pathology, repair of rheumatic valves, when feasible, is the procedure of choice, especially in these underprivileged populations.
INTRODUCTION
In developing countries, rheumatic fever and carditis still constitutes a major public health problem. This is a disease of poor people with difficult access to health care.
" . . . The combination of lack of resources, lack of infrastructure, political, social and economic instability, poverty, overcrowding, malnutrition and lack of political will contributes to the persistence of a high burden of rheumatic fever, rheumatic valvular heart diseases and infective endocarditis." 1 These patients have special characteristics that differ from those we generally see in the economically developed countries. They are usually young, poor, uneducated, and have low compliance to prophylaxis/therapy. In addition, they usually experience great difficulty in accessing medical care.
In these situations, the rate of complications arising from valve replacement is significantly increased. Mechanical prostheses are prone to thromboembolic complications, the incidence of which is magnified several fold by the poor adherence to anticoagulation protocols. 2 On the other hand, bioprostheses, which do not require anticoagulation, especially in young patients mostly in sinus rhythm, hence initially considered ideal for these populations, degenerate fast, sometimes within only a few years after implantation. 3 By contrast, rheumatic fever has mostly disappeared in developed countries, except in those with large immigrant contingents, because medical care is usually easily accessible. In these regions, we now rarely see new cases of acute rheumatic carditis, but older patients, who had the acute form of the disease some decades ago, still present with sequelae of rheumatic disease, in their fifties and sixties, requiring valve surgery. As discussed below, these chronic forms have different macroscopic characteristics.
As an alternative to replacement, mitral valve repair is now known to achieve better long-term results in this pathology, but this was not widely recognized three or four decades ago, when first reports showed worse results after repair of rheumatic regurgitation than after repair of degenerative valves. My experience in Johannesburg, South Africa, in the 1980's, predominantly in a rheumatic black population, with a mean age of 21.5 þ 11.8 years, demonstrated a significantly better survival in patients with mitral valve repair by comparison with replacement, either with mechanical valves or with bioprostheses ( Figure 1) . 4 This experience has been replicated and confirmed, more recently, in Mozambique in annual surgical missions undertaken in the in Maputo Heart institute.
In this work, I aim at analysing the specificities of rheumatic mitral valve disease, with special emphasis on valve repair, its techniques and results, by comparison with those used and obtained in non-rheumatic cases. components of the mitral valve apparatus, of variable degrees, and distorts and impairs the movements of the valve. Hence, the disease appears here in two forms -stenosis and regurgitation, or a combination of both. In the case of regurgitant valves, the most frequent lesion, by far, is prolapse of the anterior leaflet, which is present in more than 90% of young patients and is most often caused by elongated chordae to its central and medial areas (A2 and A3). By contrast with degenerative disease, posterior leaflet prolapse is practically non-existing, except in cases with ruptured chordae due to infective endocarditis. On the contrary, this leaflet is often shortened in its width, sometimes resumed to a very narrow and thick strip of tissue. In more complex cases, the chordae may be thick and retracted, as may also be the papillary muscles, and the commissures may be fused in varying degrees. Often, the leaflets and subvalvular apparatus are a continuous mass of fibrous tissue (Figure 2) . Finally, the annulus is dilated in 95% of the patients. It is widely accepted that dilatation occurs essentially in the posterior segment of the annulus, although there is some evidence that it may also occur in the anterior segment, especially in dilated cardiomyopathy. 5 It is still subject to some degree of speculation whether dilatation is only a functional phenomenon or the result of direct involvement by the rheumatic process, as the annulus does not appear to retain the normal capacity of changing its shape during the cardiac cycle.
THE PATHOLOGY OF RHEUMATIC MITRAL VALVE DISEASE
In any case, the hallmark of the rheumatic pathology is simultaneous involvement of all components of the mitral apparatus (Table 1) .
In very young patients, some appearing at as early as 3 or 4 years of age with acute rheumatic fever, the disease is marked by a very acute and active inflammatory process with oedema of the tissues, and the characteristic rheumatic vegetations/nodules in the free edge of the leaflets or in the chordae tendineae, and in the other valves, especially the tricuspid (Figure 3) .
In these patients, the predominant valve dysfunction is regurgitation. The very inflamed and oedematous tissues make repair challenging and subjected to a long and painful learning curve, and the medium and long-term results are usually not satisfactory, reoperation being frequently required, especially when the acute carditis subsists or recurs. However, the very young age makes repair even more essential in these cases, if for no other reason to delay prosthetic valve implantation by a few years until the patient reaches a more "mature" age.
By contrast, in the cases of stenosis, usually appearing later after the rheumatic fever, the leaflets may be pliable and the chordae normal, the valve involvement being limited to fusion of the free edge of the leaflets, commencing at commissural level and extending centrally, which makes treatment by commissurotomy a simple procedure. This was exemplified by the closed commissurotomy used in the years 50 to 80 with excellent results, thereafter replaced by percutaneous balloon commissurotomy, Figure 2 . Surgically removed mitral valve with intense fibrosis and fusion of the leaflets and subvalvular apparatus.
currently the most used method, because of its much less invasive nature, although open (surgical) commissurotomy still produces the best results in our experience, especially in more complex anatomies, because the direct exposure of the valve permits not only de commissural split but also the division of fused chordae and papillary muscles ( Figure 4 ). 6 A completely different group are the patients who are still presenting in their fifties with valves that are late sequels of rheumatic fever. Most of these patients have severely fibrotic and/or calcified valves, with variable degrees of stenosis and/or regurgitation, mostly impossible to repair, but some still have pliable leaflets, often with no prolapse and only a dilated annulus in approximately half of the cases, where implantation of a remodelling ring is all that is necessary to correct the regurgitation. In these cases, the repair is much more durable. Di Bardino and co-workers, from Boston, were even able to demonstrate similar long-term survival after repair for rheumatic and for valves with degenerative disease. 7 
HOW FAR CAN WE GO IN REPAIRING RHEUMATIC MITRAL VALVES?
The variety and complexity of the rheumatic lesions make valve repair much more demanding than that of degenerative disease, thus far less accepted by the majority of cardiac surgeons. 8 In fact, initial experiences showed less good results after repair of rheumatic than with degenerative valves. However, as discussed above, reports coming from different parts of the world confirmed better results with repair than with replacement of the mitral valve in these populations. Furthermore, recent reports show better rates of repair and improved results, derived from increased experience and newer and refined techniques, as described later in this work.
The results of mitral valve repair for rheumatic disease vary with the age of the patients, which is different from series to series as a consequence of the different stages of the disease described above. Wang et al, from Taiwan, compared the midterm results of rheumatic mitral repair versus replacement (mean age at operation 49.7^13.2 years) in a more economically developed society, demonstrating better outcomes after repair. 9 In these conditions, the patients are older and the rheumatic process is stabilized, hence the longer term durability of the repair when compared to those obtained in the younger patient groups of the less developed countries. However, Talwar et al, from New Delhi, India, have similarly produced excellent results in children with a mean age of 11 years, having observed a 90% survival and up to 15 years of follow-up. 10 Other groups, from different parts of the world, have also recently reported excellent results in these young populations (see Results below). However, a greater incidence of recurring regurgitation requiring reoperation is usually observed in these patients.
TECHNIQUES OF REPAIR
The foundations for the modern surgical treatment of mitral regurgitation were laid in the late 1970's by Carlos Duran and Alain Carpentier. These were based on a comprehensive methodology aimed at treating all components of the mitral valve apparatus involved in the disease: leaflets, chordae/papillary muscles and annulus ( Figure 5 ).
Working in Spain and France, respectively, these two surgeons were dealing with diverse pathology, but including a significant proportion, if not a majority, of rheumatic cases, still appearing in large numbers in Europe in those times. Their pioneer experiences were not easily accepted initially and it took a couple of decades before they were more universally adopted. Still now, the rate of mitral repair worldwide is probably inferior to 50% for all types of pathology, and even much lower for rheumatic valves, as can be inferred from the database of the Society of Thoracic Surgeons.
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The so-called "French repair" 12 has since undergone several modifications and additions by Carpentier himself and by contributions from several surgical groups and individual surgeons, which have made the techniques more effective and reproducible, hence leading to better results.
With regards to repair of rheumatic mitral valve regurgitation, the following technical aspects deserve special consideration.
Leaflet prolapse
As indicated above, the main lesion in rheumatic regurgitation of young patients is anterior leaflet prolapse. The prolapse is usually more prominent or localized in the medial half of the leaflet (A2, A3) and results from elongation of the chordae originating from the respective head of the posteromedial papillary muscle. Elongation of the paramedial chordae originating from the anterolateral papillary muscle may also occur. The initial techniques for correction of this lesion included triangular resection of the central portion of the anterior leaflet, and/or chordal shortening. However, the amount of leaflet tissue is quite restricted in rheumatic cases, hence resection is rarely used here and repair is currently based solely on correction of the elongation of the chordae.
In this regard, Carpentier's initial techniques were oriented towards creating a trench in the corresponding papillary muscle head where the elongated portion of the chorda was buried. The chordae of the posterior leaflet, usually not elongated, were used for comparison. The techniques were relatively easy to perform and to replicate, with good initial results. But the progression of the disease frequently resulted in continued elongation, or the chordae had become too thin to sustain the tension and tended to rupture subsequently ( Figure 6 ). Hence, this technique had an important rate of failure leading to recurrent mitral regurgitation.
Today, the majority of surgeons treating rheumatic valves have opted for the implantation of artificial chordae for substitution or reinforcement of the ruptured or elongated chordae. These neo-chordae, Figure 6 . Rupture of chordae tendineae approximately 3 years after repair. originally suggested by Frater and colleagues, from New York, and made of autologous or heterologous pericardium, are now fashioned from poly(tetrafluorethylene) (PTFE) sutures, size 4/0 or 5/0. 13, 14 This material has been proven to be very pliable, inextensible and durable for more than twenty years in the treatment of degenerative mitral regurgitation, 15 although isolated cases of rupture have been reported. 16 Importantly, we have observed this durability even in very young patients operated on during growing age. It is as if the chordae had the capacity to grow with them.
The principal technical problem with the PTFE is the difficulty in adjusting the appropriate length and in knot-tying, because of the very smooth and slippery characteristics of the material. Several manoeuvers have been described by different authors to overcome these technical difficulties and the procedure has become standardized and reproducible, and can now be relatively easily performed after some experience (Figure 7 ).
Leaflet restriction
Due to the relative shortage of leaflet tissue to bridge the mitral orifice, characteristic of rheumatic valves, several groups have advocated leaflet extension to enlarge the coaptation area of the leaflets and permit the use of larger annuloplasty rings (see below). Posterior leaflet extension was initially used and is still practiced by some, but anterior leaflet extension appears to be preferred by others. Good results have been reported with both techniques. 18, 19 In either case, the technique is relatively easy to master, the main principle is that it must be extended from commissure to commissure, using a continuous polypropylene suture.
The yet unresolved problem is the choice of material for the extension, which still lies between autologous (glutaraldehyde-fixed) and heterologous (bovine) pericardium. Both are subjected to calcification which, however, appears to be a much later occurrence by comparison with the untreated autologous pericardium that was used in the early days. Currently, the treated autologous pericardium appears to be the preferred material for most surgeons.
Annular dilatation
The vast majority of significantly regurgitant rheumatic mitral valves have annular dilatation and deformation of different degrees. The importance of annular dilatation in the genesis of the regurgitation is demonstrated by the fact that, by contrast to degenerative valves, rheumatic mitral valves are very rarely competent after completion of the leaflet component of the repair.
Hence, some kind of annular restriction and re-shaping is required to complete the correction. In contrast with degenerative disease, where all sorts of devices, from bands to soft and rigid or semi-rigid rings, complete or incomplete, or even no-rings have been successfully used, it is my belief Figure 7 . Neo-chordae made from poly(tetrafluorethylene) (PTFE) suture material (reproduced, with permission, from Zussa et al. 17 )
that complete, pre-shaped rings are necessary in rheumatic valves, because of the need to reduce the antero-posterior diameter of the annulus. In our practice, we still use the original Carpentier-Edwards rings, while reserving the physio model for other types of pathology. Other manufacturers make models that are similar to these and, probably, giving identical results. The classic ring type has a shorter antero-posterior diameter, which helps to increase leaflet coaptation ( Figure 8 ). Some authors have used other types of rings with apparent good short and medium-term results, but these may not be sustainable in the long-term.
The use of ring sizes 30-34 is advised. When in doubt between two sizes, the larger size should be used. The use of too small rings is ill-advisable because the natural and progressive thickness of the leaflets makes them very restrictive to blood flow. Hence, I do not recommend the use of sizes smaller than 28. It is in these conditions where leaflet extension techniques may be especially indicated, permitting the use of larger rings.
Also by contrast with degenerative regurgitation, systolic anterior motion (SAM), which results from a large posterior leaflet pushing the anterior leaflet towards the left ventricular outflow tract, making it obstructive, occurs very rarely in rheumatic valves, because of the characteristic small width of the posterior leaflet.
CURRENT RESULTS
Our recent experience in Coimbra, mostly with expatriates and/or patients referred from African countries for treatment, and in Maputo, Mozambique, as well as that acquired in occasional demonstrations in several other developing countries, have demonstrated that repair of mitral regurgitation is possible in most cases. From 1992 to 2012, 1,514 of the 1,874 rheumatic valves operated on first time in Coimbra were repaired, for a repair rate of nearly 81%, with excellent immediate and medium-term results. Long-term results are less easy to ascertain because of the traditional difficulty to follow these elusive populations. However, in a relatively well-controlled situation we were able to demonstrate a survival of 89% and survival free from reoperation of 85%, at 15 years ( Figure 9 ).
Other surgeons have confirmed this experience, even in younger patients of developing countries. The group of Khumar, from New Delhi, India, has repeatedly reported excellent results in young rheumatic patients, with a mean age of 11 years, with a 90% survival up to 15 years of follow-up ( Figure 10 ). 10, 20 Several groups from Brazil, South Africa, and other southern hemisphere countries have similarly reported excellent long-term survivals and good survival free from reoperation. 21 Remenyi et al, from Auckland, New Zealand, recently reported their experience with patients with rheumatic heart disease under 20 years of age, with a follow-up to 19 years. They concluded that "repair offers a survival advantage, greater freedom from valve-related morbidity, and long-term durability that equals that of mitral valve replacement". 22 When reoperation is required for recurrent regurgitation, the valve is most of the times very fibrosed and distorted, thus with some degree of stenosis which, in some cases, may even be the predominant lesion ( Figure 11) .
Thus, re-repair is not feasible in the majority of cases, unless the regurgitation results from an obvious technical error during the initial surgery or there is another easily repairable abnormality. But replacement of a previously repaired valve is, generally speaking, technically much easier than that of a previously replaced valve and is associated to lower morbidity and mortality rates, another advantage of an initial repair policy.
CONCLUSIONS
The evolution of the techniques, including avoidance of anterior leaflet resection, use of PTFE chordae vs. shortening procedures, use of pre-shaped (rigid) rings, together with surgeons' greater experience, have greatly contributed to continuous improvement in the rate of repair and better results of surgery for rheumatic mitral valve regurgitation. In parallel, better anti-failure therapy and improved rheumatic fever prophylaxis contributed to altering the course of the disease, also contributing to better long-term outcomes.
As recently written by Dr Khumar, " . . . in children with rheumatic heart disease, conservative surgery is the best option whenever feasible. Surgeons must develop an attitude and interest in valve repair techniques that can be easily learned. Patients who undergo valve repair at an early age are at risk of requiring additional surgery over time. Mechanical valve replacement, nonetheless, should be reserved for situations where more conservative approaches are not feasible". 23 It is certainly worthwhile repairing the rheumatic mitral valve. 24 The numbers of valves requiring replacement decreases as the experience of surgeons with mitral valve repair increases. Willingness to perform these challenging repairs is a fundamental challenge.
